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Mapping, engineering geosciences, 
planning
These thoughts from Dearman and Fookes (1974) are still topical: “Undoubtedly the biggest develop-
ment required in the field of engineering geo-
logical mapping is in bridging the apparent 
gap between the suppliers of the expertise 
on the one hand and the users of the service 
on the other” (p. 252). A range of best prac-
tices in the preparation of applied geologi-
cal maps or plans for engineering purposes 
have been highlighted throughout several 
key publications in the last half-century 
(e.g., Dearman and Fookes, 1974; Varnes, 
1974; Matula, 1979; Dearman, 1991; Smith 
and Ellison 1999; Griffiths, 2001, 2002; 
Dobbs et al., 2012; and references therein). 
Engineering geological maps or plans are 
a resourceful database of ground informa-
tion on lithology, structure, morphology, 
soil and rock mechanics, hydrology and 
ground investigation conditions, among 
others. The purpose of these maps or plans 
depends on scale, such as: i) detailed survey 
studies, plans and cross-sections (large-
scale): 1:50 to 1:250; ii) general maps or 
plans (large to medium-scale): 1:1,000 to 
1:10,000; iii) regional maps and planning 
purposes (medium to small-scale): 1:50,000 
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Maps are of key topical importance in urban 
geoscience and engineering practice, mainly 
in field data synthesis and communication 
related to a number of fields, such as geo-
matic techniques, applied geology and 
geomorphology, engineering geology, soil 
and rock geotechnics, slope geotechnics, 
subsurface site geotechnical investigations, 
urban hydrology, hydraulics and sanitation, 
coastal zones management, urban geoar-
cheology and heritage, planning and land 
use. The value of preparing engineering 
geoscience maps and plans specifically 
for urban engineering purposes are still a 
challenging task, particularly to end-users 
and planners. Nowadays, the application 
of Geographic Information Systems to geo-
sciences and engineering has become more 
common. This paper emphasises the impor-
tance of an accurate ground field survey and 
inventory at several scales, GIS mapping 
and databases, and integrated multidis-
ciplinary urban studies as useful tools to 
support a sustainable land use planning. 
Some selected sites are highlighted to dem-
onstrate the importance of urban mapping 
for land use planning. Thus, in this study the 
significance of a smart urban geoscience 
approach is stressed.
Les cartes sont d’une importance topique 
clé dans la géoscience urbaine et la pra-
tique de l’ingénierie, principalement dans 
la synthèse des données de terrain et de 
communication liées à un certain nombre 
de domaines, tels que: les techniques 
géomatiques, la géologie et géomorpholo-
gie appliquées, la géologie de l’ingénieur, 
la géotechnique des sols et roches, la 
géotechnique de stabilité des pentes, les 
investigations géotechniques du sous-
sol, l’hydrologie urbaine, l’hydraulique et 
de l’assainissement, la gestion des zones 
côtières, l’archéologie urbaine et du pat-
rimoine, la planification et l’utilisation 
des terres. L’utilité des cartes et des plans 
géoscientifiques à des fins d’ingénierie 
urbaine demeure relative, en particulier 
pour les simples utilisateurs et pour les 
planificateurs. De nos jours, l’application 
de systèmes d’information géographique 
aux géosciences et à l’ingénierie est dev-
enue plus courante. Cet article met l’accent 
sur l’importance d’une étude de terrain 
rigoureuse et d’un inventaire à plusieurs 
échelles, d’une cartographie SIG et de 
bases de données; la valeur des études 
urbaines multidisciplinaires intégrées en 
tant qu’outils utiles pour soutenir une plani-
fication de l’utilisation durable des terres 
est mise en avant. Certains sites sélection-
nés sont mis en évidence pour démontrer 
l’importance de la cartographie urbaine 
dans la planification de l’utilisation des 
terres. Ainsi, dans cette étude, l’importance 
du concept de géosciences urbaines 
soutenues par une technologie intelligente 
est soulignée.
Los mapas son de importancia clave en 
geociencias urbanas y en la práctica de la 
ingeniería, principalmente en la síntesis 
de datos de campo y en la comunicación 
relacionada con una serie de campos, tales 
como: técnicas geomaticas, geología y geo-
morfología aplicadas, ingeniería geológica, 
geotecnia de suelos y rocas, geotecnia de 
laderas, investigaciones geotécnicas del 
subsuelo, hidrología urbana, hidráulica y 
saneamiento, gestión de zonas costeras, 
geoarqueología urbana y patrimonial, plan-
ificación y uso de la tierra. La elaboración de 
mapas y planos de ingeniería de ciencias de 
la Tierra, específicamente para utilización 
en ingeniería urbana, sigue siendo un reto 
difícil, especialmente para los usuarios fina-
les y los planificadores. Actualmente, es de 
uso común la aplicación de los Sistemas 
de Información Geográfica a las ciencias 
de la tierra e ingeniería. Este documento 
enfatiza la importancia de un adecuado 
estudio de campo y de un inventario a 
varias escalas, cartografía GIS y bases de 
datos y estudios urbanos multidisciplinares, 
integrados como herramientas útiles para 
apoyar una ordenación sostenible del ter-
ritorio. Algunos lugares seleccionados se 
presentan para demostrar la importancia de 
la cartografía urbana en la planificación del 
uso de la tierra. En este estudio se destaca la 
importancia del enfoque de las geociencias 
en medio urbano, apoyadas con tecnología 
inteligente.






to 1:200,000. The engineering geological 
plans or maps are particular useful for the 
applied geologist or engineering geolo-
gist, as well as in geological, geotechnical, 
civil, mining or environmental engineering 
practice. Engineering geological plans are 
produced for specific engineering purposes 
on a large scale either during site investi-
gation or during the construction stage 
of a project (Dearman and Fookes, 1974; 
Griffiths, 2001). They are not intended as a 
replacement for detailed site-specific desk 
studies or ground investigations (Dobbs 
et al., 2012).
Dearman (1991) indicated the key 
importance of the so-called engineering 
geological zoning map. This identifies 
areas on the map that have approximately 
homogenous engineering geological 
behaviour and conditions. Such zones 
would normally be derived from the fac-
tual data compiled on the base map and 
consequently should not form part of 
the original map but can be produced as 
an overlay (Griffiths, 2001). In addition, 
comprehensive and accurate engineering 
geological plans associated with so-called 
unforeseen ground conditions play an 
important role in supporting or rejecting 
some design and/or construction options. 
Dobbs et al. (2012) state they serve to raise 
the awareness of the impact that geology 
has on planning and development, and act 
as a reminder of the importance of engi-
neering geology (and correlated discipli-
nary areas, such as hydrogeology, environ-
mental geology, applied geomorphology, 
etc.) in reducing the hazards or risks asso-
ciated with human interaction in the built 
and natural environment. In short, all geo-
technical practitioners aim to contribute to 
the correct study of the ground behaviour 
of soils and rocks, its applications in sus-
tainable design with nature and environ-
ment and to the development of society 
(e.g., Dearman and Fookes 1974; McHarg, 
1992; Griffiths, 2002, 2014). That approach 
stresses particularly the key importance of 
field-based training in applied geoscience 
and engineering geology for geologists, 
engineers, architects and planners (Grif-
fiths, 2014), as well as GIS-based mapping 
for geoengineering purposes and commu-
nication skills in applied geosciences (e.g., 
Chaminé et al., 2013, 2014; Marker, 2015).
New developments in surveying acquisi-
tion for applied mapping (sketch or general 
maps, engineering geological maps and 
geotechnical maps, at diverse scales) take 
on critical importance in further stages 
of ground investigations and modelling. 
It is also important to highlight the value 
and cost-effectiveness of accurate map-
ping for geoengineering, georesources and 
planning purposes (Griffiths, 2002, 2014), 
Figure 1. 
Urban engineering geosciences map-
ping in practice
Bandarin and van Oers (2015) state an 
important issue: “As much as cities are a 
layered built construct, they rest on another 
layered system, the geological strata formed 
during Earth’s history. This relationship is a 
fundamental one, albeit often forgotten with 
dire consequences for urban conservation 
and for the protection of urban environ-
ments from natural hazards. (…) the way in 
which the geological setting has determined 
the ways in which cities were built, their 
morphology, building materials and build-
ing types, as well as the way they were able 
to adapt to the hydrological and ecological 
constraints.” (p. xiv-xv).
Urban geoscience is an interdisciplinary 
and transdisciplinary field encompassing 
earth sciences, environmental sciences 
and socioeconomic sciences for address-
ing Earth-related problems in urbanised 
Figure 1: Cloud diagram based on keywords about the engineering geological maps and images illus-
trating the use of maps in engineering geosciences practice, as well as communicating and teaching 
applied geosciences in the field. 
Figure 2: The main scientific and technical fields of applications of engineering geoscience mapping 
for urban areas related to applied geosciences, geotechnics and planning. 
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areas (e.g., see details in the multivolume 
from the “Atlas of Urban Geology” (United 
Nations) https://www.un.org). Chaminé 
et al. (2014) highlight the importance 
of urban geoscience evolving to a holis-
tic paradigm of smart urban geoscience, 
particularly related to geology, hydrology, 
groundwater, rock and soil geotechnics, 
natural resources, environment, geohaz-
ards, heritage and geoarchaeology issues. A 
core aspect of the smart urban geoscience 
concept necessarily includes Geographic 
Information Systems (GIS) as a tool for 
digital mapping and communication to a 
broad community. That approach includes 
the integration of numerous data about 
all features of urban areas, such as trans-
references therein) in order to: i) acquire 
a rather complete set of engineering geo-
logical data; ii) field-map systematically 
larger areas in different scales; iii) collect 
the comprehensive information in special 
data banks; and iv) use GIS-based mapping 
techniques. Table 1 shows the main types of 
engineering geological and/or geotechni-
cal maps/plans.
There are some fundamental types of 
GIS-zoning maps at various scales for 
engineering, georesources and planning 
purposes (e.g., Matula, 1979; Griffiths, 
2002; Chaminé et al., 2013): i) maps for 
ground site investigations of engineering 
geological assessment and design geo-
technical parameters, including mineral 
port, environment, economy, housing, cul-
ture, science, population, health, history, 
architecture, heritage, etc. In addition, the 
format of a balanced multipurpose engi-
neering geological map depends largely 
on its main purpose and the requirements 
of the end-users, as well as the need to 
communicate information to all agents 
involved (practitioners, researchers, stake-
holders, decision makers and the public), 
as depicted in Figure 2. 
In engineering geological mapping 
assessment, it sounds more accurate to 
create a comprehensive approach, both 
scientific and technically and also eco-
nomically (e.g., Varnes, 1974; Matula, 
1979; Dearman, 1991; Griffiths, 2002, and 
GIS-based maps/plans Key information Typical  scales Typically prepared by Method Engineering use
A.  Engineering Geological 
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possible based in 
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investigations) or key 
areas/regions, as well 
as in a comparative 
framework 
Table 1: Summary data for engineering geological maps and plans (revised and updated from Dearman and Fookes 1974).
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and groundwater resources and hazards; 
ii) maps for protection and sustainable 
exploitation of georesources, including 
groundwater resources; iii) maps for 
municipal and/or regional planning, land 
development and construction; iv) maps 
for delimitation of endangered areas, for 
organising the warning systems, and for 
recommendation of measures against 
active or potential geological hazards; and 
v) maps for protection of vulnerable geo-
logical environments prone to undesir-
able changes caused by development and/
or geohazards. Table 2 provides a main 
checklist related to the basic information 
that should be recorded on the engineer-
ing geological map.
Concerning the communication and 
dissemination of geological information in 
urban areas planning, Marker (2015) raised 
several important issues: i) development 
should be carried out balancing social, 
economic and environmental impacts in 
planning policies and decisions supported 
by sustainability and environmental 
appraisals, site investigations and public 
consultations; ii) scientific and technical 
ability should be harmonised with social 
and economic data, such as geoscience data 
on mineral, water, soil and conservation 
resources; ground conditions for develop-
ment; areas potentially affected by hazards; 
sources of emission to the air, soil and 
water; and potential waste management 
sites; iii) many participants in the plan-
ning process have limited understanding 
of geoscience issues; iv) diverse audiences 
require customised results in straightfor-
ward language with good illustrations and 
local examples. In addition, geoscientists, 
engineers, Earth-related professionals and 
planners should use maps and GIS because 
these are good means of communication, 
but careful explanation is necessary; v) 
dissemination needs early and continuing 
engagement with stakeholders and often 
needs to be repeated.
Engineering geological mapping needs 
to advance towards an insightful carto-
graphic reasoning concept established on 
geomatic techniques, unmanned aerial 
vehicles (micro drones) for detailed sur-
veys, fieldwork, engineering geosciences, 
Earth-based systems conceptualisation 
and numerical ground modelling, among 
others.
Selected sites: coupling engineering 
geoscience mapping and urban 
planning
A comprehensive integrated study of 
urban geoscience was carried out at two 
selected urban sites of NW Portugal (the 
cities of Vila Nova de Gaia and Penafiel). 
The study coupled GIS-based mapping 
with urban geotechnical and groundwater 
assessments, respectively. Thematic maps 
were prepared from multi-source geodata, 
namely remote sensing, morphotectonic 
and geological mapping, as well as geotech-
nical and hydrogeological field surveys. 
These maps were converted to GIS format 
and then integrated with the intention of 
building engineering geological maps and/
or environmental hydrogeological maps 
that combine geohazards assessments and 
environmental protection groundwater 
resources focused at the municipal plan-
ning level. The basic techniques of map-
ping, engineering geosciences, applied 
geomorphology, and applied hydrogeol-
ogy were applied at the study sites (e.g., 
Dearman, 1991; Griffiths, 2002; Teixeira et 
al., 2013; Freitas et al., 2014, and references 
Engineering geological map: basic data in a GIS-based environment and using engineering codes of practice (IAEG, ISRM, ISSMGE, GSE|GSL, AEG, 
IAH, ASTM, CFCFF, etc.) for description and assessments of soils, rocks and groundwater 
Geological data
Mappable units (on the basis of descriptive engineering geological terms)
Geological boundaries (with accuracy indicated)
Description of soils and rocks (using engineering codes of practice)
Description of exposures (cross-referenced to field notebooks)
Description of state of weathering and alteration (notes depth and degree of weathering)
Description of rock discontinuties based on scanline surveys
Subsurface conditions (provision of subsurface information if possible, e.g. rockhead isopachytes)
Hydrogeological data
Availability of information (reference to existing maps, well logs, abstraction data, etc.)
General groundwater conditions (flow lines; piezometric conditions; water quality; artesian conditions; potability, etc.)
Hydrogeological properties of rocks and soils (aquifers, aquicludes and aquitards; permeabilities; perched water tables, etc.)
Springs and seepages (flows to be quantified wherever possible)
 Hydrogeomechanical properties and behaviour
Geomorphological data
General geomorphological features (ground morphology, landforms, processes)
Ground movement features (landslides, subsidence, solifluction lobes; cambering)
Geohazards
Mass movement (extent and nature of landslides, type and frequency of landsliding, possible estimates of runout hazard)
Rock slope stability and assessement
Flooding (areas at risk, flood magnitude and frequency, coastal or river flooding)
Coastal zones (cliff form, rate of coastal retreat, coastal processes, types of coastal protection)
Seismicity (seismic hazard assessment)
Vulcanicity (volcanic hazard assessment)
Table 2: Basic information data to be recorded on an engineering geological map (updated from Griffiths, 2001).
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therein). This integrative approach allowed 
the basic description of rock masses and 
established engineering geosciences maps 
(using particularly the engineering codes 
of practice of several organisations: IAEG 
– International Association for Engineer-
ing Geology and the Environment (www.
iaeg.info); GSE|GSL – Engineering Geol-
ogy Group of the Geological Society of 
London (www.geolsoc.org.uk); ISRM – 
International Society for Rock Mechanics; 
ISSMGE (www.isrm.net) – International 
Society for Soil Mechanics and Geotechni-
cal Engineering (www.issmge.org); CFCFF 
– Committee on Fracture Characterization 
and Fluid Flow (www.nap.edu)). Figure 3 
presents a flow chart of the engineering 
geological map for urban geoscience and 
municipal planning.
This approach deals with a holistic and 
systematic methodology that encompasses 
several layers of information obtained 
from diverse sources, such as field data, 
ground investigations, laboratory testing 
and historical maps, charts and/or docu-
ments. The thematic maps are developed 
by using all the layers and inputs. Sub-
sequently, the information is embedded 
in GIS software and geodatabases. Finally, 
these outputs and the data analysis will 
support the framework of modelling issues 
(e.g., Oliveira et al., 2009; Chaminé et al., 
2010; Teixeira et al., 2013; Freitas et al., 
2014; Pires et al., 2016).
  
Vila Nova de Gaia site
The study area highlights the importance 
of a geological and geotechnical urban 
study for a better understanding of gra-
nitic rock slopes stability in Vila Nova de 
Gaia’s (NW Portugal) riverside downtown 
(particularly in the S. Félix da Marinha, 
S. Pedro da Afurada and Canidelo sites). 
In addition, there are significant historical 
records of rock fall activity in the region 
(e.g., Oliveira et al., 2009; Chaminé et 
al., 2010; and references therein). In this 
region typical slope failure mechanisms 
result in a range of failure types (e.g., plane 
sliding, wedge failure, partial toppling and 
buckling) and are dependent mainly on 
the rock discontinuities network, slope 
orientation and severity of the hydrocli-
matological events. 
Vila Nova de Gaia is one of the largest 
cities in Portugal, with a continuous need 
for urban development and expansion. The 
Porto and Vila Nova de Gaia urban areas 
are built along the hillsides on a littoral 
platform characterised by a quite regular 
planation surface dipping gently to the 
West. This platform was cut by the Douro 
River in a steep-walled valley with sharp 
and high slopes that constitute the so-
called riverside downtown with its typical 
entrenched geomorphological framework 
(Oliveira et al., 2009; Chaminé et al., 2010, 
2014; Freitas et al., 2014). The Vila Nova 
de Gaia urban area is located in a com-
plex geotectonic framework encompassing 
a crystalline fissured basement of highly 
deformed and overthrusted Late Prote-
rozoic/Palaeozoic metasedimentary and 
granitic rocks (Figure 4). The bedrock is 
mainly composed of phyllites, micaschists, 
gneisses and granites, while post-Miocene 
alluvial and Quaternary marine depos-
its dominate the sedimentary cover. The 
drainage network reflects the regional tec-
tonic lineament systems (namely NNW–
SSE, NE–SW, ENE–WSW). The hydro-
geology of Vila Nova de Gaia region is 
mainly dominated by a diverse of ground-
water units such as overlying sediments, 
weathered rocks, weathered–fissured 
zones, and fractured hard-rock crystalline 
substratum.
Figure 3: Conceptual flow chart of the engineering geological map for urban geoscience and municipal 
planning. 1. Application tool to create hyperlinks between features (line, point or polygon) and other 
files; 2. Database related to ground investigation information; 3. Geotechnical borehole datasheet; 4. 
Geotechnical inventory datasheet (field and desk data); 5. Detailed investigation works mapping with 
geological background information.
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Figure 4 illustrates the general engineer-
ing geology mapping framework of the Vila 
Nova de Gaia riverside downtown and the 
main hazard rock slope instability sites for 
the region. The figure also presents a case 
study of Afurada rock slope stabilisation 
(details in Chaminé et al., 2010). 
S. Pedro da Afurada is a fishermen’s pic-
turesque parish of the Vila Nova de Gaia 
urban area. The Afurada rock-mass expo-
sure is formed of medium to fine grained, 
two-mica sheared granite, which outcrops 
slightly to moderately weathered (W2 to 
W3) and locally highly weathered (W4). 
The slope area is a scarp fault, trending 
NE-SW, limited at the top by the Afurada 
Church and at the base by the Douro river. 
The slope area showed historical records of 
active small to medium failures and there 
has been reported rock fall, with around 
1m3 granitic blocks, as well as small-scale 
rock fall in surrounding Douro riverside 
downtown (Chaminé et al., 2010), Figure 
4. The total slope length has an extension 
of 187.5 m and a height that varies from 5 
to 15 m above the road, oriented N85ºE. 
The studied slopes dip about 85° and their 
evolution is due to rock falls as a conse-
quence of the jointing of the rock mass. 
The preliminary failure susceptibility of 
the rock slope was evaluated in terms of 
the computed SMR [Slope Mass Rating] 
values. For the studied slope sections, the 
SMR index pointed to a range of 45 to 53 
with instability behaviour of IIIa and IIIb 
types, which can be classified as fair rock 
slopes. RMR [Rock Mass Rating] and GSI 
[Geological Strength Index] geomechani-
cal values allowed the granitic slopes to be 
classified as poor rock masses. A stabilisa-
tion program of further works was accom-
plished after the geological, geotechnical 
and geomechanical studies, consisting 
mainly of the filling of the joints with grout 
and the systematic bolting of block masses, 
combined with steel reinforced mesh and, 
sometimes, with polymeric tridimensional 
geo-mesh (Chaminé et al., 2010; and refer-
ences therein), Figure 4.
Figure 5 shows a preliminary study of 
the geomaterials of the rocky platform 
near the Atlantic coastline in the so-called 
Lavadores beach area (Canidelo, NW Por-
tugal). That coastline comprises a dynamic 
transition between the marine environ-
ment and the terrestrial environment. The 
Lavadores site is characterised by a mixed 
coastal system comprising rocky platform 
with boulders and megaboulders, sandy 
beaches, breakwaters and groins. Imme-
diately north of this site, a sand spit of 
about 700 m length occurs, the so-called 
“Cabedelo”, which narrows the mouth of 
the Douro River. The regional geology of 
the Lavadores site is comprised mainly of 
medium to coarse-grained granitic rocks 
and gneisses. The designation “rocky 
coast” is currently used to refer to coasts 
that have fissured rocky substrates in the 
form of shore platforms with or without 
coastal rock boulders (Pires et al., 2016; 
and references therein).
Coastal geoscience mapping, geomor-
phological features and geomechanical 
assessment of the geomaterials were incor-
porated into the coastal environments 
research to analyse these features in terms 
of the behaviour of the structure of different 
layers and rock/block movement. In addi-
Figure 4: Engineering geological mapping framework and hazard rock slope stability sites for Porto 
and Vila Nova de Gaia riverside downtown (updated from Chaminé et al., 2010). A, B) Geographical 
setting and geological background with the main location of unstable rock slope sites; C) 1. Historical 
rockfall near the Guindais Quay, Porto city, on 27 January 1879 (after the drawing by J.J. Pinto), 2. 
Photo of Guindais rock slope, before 1881 (kindly shared by the archaeologist Sandra Salazar Ralha), 
3. Afurada rock slopes (Rua da Praia, near the S. Pedro da Afurada parish), 4. 5. Rock fall slope failure 
from Afurada scarp [August 2008]; D) Preliminary engineering geosciences mapping of Vila Nova de 
Gaia riverside downtown; E) Schematic cross-section of the studied rock slope area (slopes A, B, C) and 
the basic solution of stabilization adopted. The photos were taken during the stabilisation works and 
after the stripping of the rock mass (July to August 2009).
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tion, the approach displays an integrated 
procedure for coupling coastal geosci-
ence mapping and high-resolution digital 
imagery (acquired by micro drones tech-
nology and or airborne surveys) for mari-
time environmental evaluation (details in 
Pires et al., 2016). At the Lavadores site a 
coastal boulder evaluation was made with 
some identified boulder mobility pathways 
and their profiles plotted. That approach 
led to defining a coastal geoscience zoning 
map based on applied geology, coastal 
geomorphology and in situ geomechanical 
investigations, as well as coastal dynamics 
and rock boulder mobility. Finally, the GIS 
coastal geoscience maps were very useful 
to determine zones of vulnerability to 
coastal erosion and geohazards, to identify 
hydraulic structure silting up, and to con-
tribute to regional/local coastal planning.
The combined interdisciplinary meth-
odology proved valuable to an enhanced 
understanding of ground nature and 
geohazards assessment along a riverside 
downtown and a coastal shoreline near 
the Porto and Gaia urban areas. In fact, 
engineering geosciences mapping play an 
important role in sustainable urban plan-
ning at the municipal scale (Oliveira et al., 
2009; Chaminé et al., 2010).
Penafiel site
The selected study site, the Monte do 
Fogo-Santa Marta granitic rock mass, is 
located near the Penafiel urban area (NW 
Portugal). The Monte do Fogo hill is located 
South of Santa Marta parish (Fig. 6). The 
regional geology comprises Variscan gra-
nitic fractured bedrock. There are some 
prevailing tectonic lineaments (NNE-SSW 
to N-S and NW-SE). The crystalline base-
ment is also crosscut mainly by dolerite 
dykes, aplite-pegmatite and quartz veins. 
Locally, the geomorphology is character-
ised by steep slopes and entrenched valleys. 
The drainage network reveals this tectonic 
control, which imposed morphostructural 
features on the area.
The Monte do Fogo rock mass com-
prises porphyritic two-mica granite, coarse 
grained, and yellowish to grey colour. The 
outcrops and underground rock masses 
mapped range from slightly to moderately 
weathered rock (W1-2 to W3), with highly 
weathered (W4-5) outcrops observed in 
the surrounding upper slopes. The rock 
scanline surveys related to the discontinu-
ity surface conditions can be summarised 
as: i) fracture intercept (F) is mainly wide 
to moderate spacing (F2-F3); ii) aperture 
varies from open to closed, iii) persistence 
is low to moderate; iv) presence of clay and 
gouge infillings; v) plane to undulating sur-
faces, low roughness and iron-stained; vi) 
rock uniaxial compressive strength is low 
to moderate (S4-S3); and vii) Geological 
Strength Index (GSI), based on rock struc-
ture versus discontinuity surface condi-
tion, ranges typically from 60-70 (i.e., very 
blocky to blocky, interlocked partially dis-
turbed rock mass consisting of orthogonal 
discontinuity sets and random fractures).
The Monte do Fogo-Santa Marta 
groundwater systems were assessed by 
integrating several techniques taking 
advantage of GIS-based mapping. Vulner-
ability groundwater mapping (e.g., DRAT 
index, i.e., susceptibility index derived 
from hydrogeological and land use param-
eters) permitted the assessment of the 
Monte do Fogo rock mass (galleries net-
work around 250 m long and a maximum 
depth of 25 m below ground level). An 
extensive hydrogeological inventory was 
developed on the surface and underground 
(Fig. 6). Some old water mines were part of 
an impressive water supply system for the 
Penafiel urban area. These water galleries 
Figure 5: Lavadores rocky coastline (Canidelo, Vila Nova de Gaia, NW Portugal) framework (details in 
Pires et al., 2016): rock beach boulder mapping and hazard effects on rocky coastline (image credits: 
kindly shared by Professor F. Piqueiro [FotoEngenho Lda] and Bing Maps). Beach profiles P1 and P2 
were based on the revised Udden-Wentworth scale to describe the size of boulders and block size of 
other large rocks. The coastal geomorphic mapping includes a boulder mobility analysis, geoforms 
inventory and boulder pathways.
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are mostly situated in the slope hills. The 
inventoried springs are essentially located 
in lower areas and have very small yields 
(0.4 L/s). Local groundwaters have median 
to low temperatures (ca. 18 ºC), are mainly 
acidic (pH ~ 5.5), and have low electrical 
conductivities (ca. 250 μS.cm-1). Ground-
waters have very low mineralisations and 
commonly a sodium chloride to sodium-
calcium chloride hydrochemical facies. 
The hyposaline chemical composition of 
these groundwaters indicates a very shal-
low circulation.
The groundwater vulnerability assess-
ment applied to the Monte do Fogo-Santa 
Marta groundwater systems was carried 
out in order to fulfil the European and 
Portuguese Legislations defining strate-
gies for the environmental protection of 
groundwater resources, namely the defini-
tion of protection zones around localised 
groundwater recharge areas. These areas 
are necessarily considered as strategic areas 
of protection in land use planning. As can 
be seen in Figure 6, overall the groundwa-
ter vulnerability to contamination in this 
region is mostly low to moderate. However, 
two areas should be highlighted with a 
moderate to high vulnerability, which cor-
respond to alluvia deposits (SW and SSE of 
Crasto de Cima). Locally, in the surround-
ing area of Monte do Fogo-Santa Marta 
mine water, vulnerability is moderate to 
low, with the highest values being reliant 
on mainly urban fabric and forested areas. 
Accordingly, this methodology permitted 
the delimitation of three protection areas 
(immediate, intermediate and extended) 
for Monte do Fogo-Santa Marta ground-
water systems, in order to integrate them in 
future plans of territorial planning.
Concluding remarks
According to Pain (2016) since the dawn 
of civilisation, urban areas have brought 
both benefits and risks to the health and 
wellness of their inhabitants. Although 
some of the hazards have been banished, 
others remain, and new ones have emerged, 
i.e., the rise of the “urbanite” (Pain, 2016). 
In that key framework urban geoscience 
GIS-based mapping is more topical than 
ever and has high relevance to the follow-
ing issues: i) it contributes decisively to bal-
anced urban planning decisions grounded 
in a sustainable design with nature 
(McHarg, 1992) and heritage (Bandarin 
and van Oers, 2015); ii) it supports the 
necessity of a smart urban geosciences 
approach based on a reliable conceptuali-
sation on geosystems established on carto-
graphic reasoning for a modern digital city, 
networking nature, geosciences, heritage 
and society (Chaminé et al., 2014); and 
iii) communication and dissemination are 
needed in urban geoscience in a straight-
forward way to all participants (i.e., practi-
tioners, researchers, stakeholders, decision 
makers and public) in the planning process 
(Marker, 2015).
Mapping plays a central role in urban 
geoscience for in situ geotechnical investi-
gations, ground modelling, urban hydrol-
ogy, geological resources, heritage and 
geohazard assessments, and planning pur-
poses. This work highlights the importance 
of GIS geological engineering mapping as 
a useful tool to contribute to a balanced 
urban planning management aiming a 
sustainable design with nature, environ-
ment, heritage and society. This study was 
focused on the importance of coupling 
GIS-based mapping and engineering geo-
sciences for urban planning at municipal 
level. In this approach, urban geoscience 
studies assume major significance con-
tributing to land/cover use management 
and planning. Therefore, innovative meth-
odological approaches are required in the 
survey, collection, analysis, design and 
modelling of urban data.
The geologist David J. Varnes summa-
rised the overall outlook in an impressive 
way: ‘(…) engineering geologists are admon-
ished nowadays to speak the engineer’s lan-
guage, to put maps in a form that plan-
Figure 6: Monte do Fogo-Santa Marta water mine system (Penafiel, NW Portugal) framework: an 
example of groundwater mapping for urban planning.
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ners or even the layman can understand, 
and to quantify our statements. This is very 
good, very necessary. But let us also realise 
that users of our maps may understand us 
too well; they may see that we extrapolate 
without giving the odds, that we sometimes 
map one thing and say it is another without 
presenting evidence for covariance; and they 
may be more aware than we that statistical 
analyses of test results cannot alone serve 
as reliable measures of in-place heteroge-
neity. (…) The presentation of quantitative 
information often is helpful in our effort to 
gain and hold the attention of engineers, 
planners, legislative bodies, and other users. 
But even more important is the need to 
think and write straightforwardly, logically, 
and honestly – in a word, clearly. This is 
more than helpful: it is absolutely essential.’ 
(Varnes, 1974: 41).
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